Abstract This paper seeks to explain time-varying correlations among equity returns. The literature has shown that fundamental and economic factors can explain stock returns or the volatility of markets. Here, panel data analysis is employed to examine whether these factors can also explain the comovement of stock returns. Time-varying correlations among sectoral indexes are estimated using a restricted multivariate threshold GARCH model with dynamic conditional correlation (DCC-MTGARCH) controlling for the asymmetric effects of news and the influence of financial crises. The empirical results from this panel data analysis show that equity return correlations can be explained not only by macroeconomic variables but also by fundamentals within an industry. JEL classifications: C58; G12; G14; G17
Introduction
According to the Efficient Market Hypothesis (EMH), current share prices reflect all available information such that investors should not be able to outperform the market consistently by trading on relevant information (Fama 1970) . Recently, a growing literature on market efficiency has started to examine the linkages between stock markets, or study the relationship between various risk factors and equity returns/volatility (e.g., Fama and French 1992; Ho et al. 2005; Eiling et al. 2012; Garcia et al. 2015; Vidal-Garcia et al. 2016) . Some researchers have investigated return comovements across international stocks (Bekaert et al. 2009; Bekaert et al. 2011; Chiang and Chen 2016) . Others have studied the effects of the 2008 financial crisis on the comovement of asset returns (Baur 2012; Simmons and Tantisantiwong 2014) . Evidence of price predictability or patterns among equity return correlations would suggest that a market is inefficient; any such inefficiency may have implications for the hedging strategies of investors and the ability of traders to make profits in the market.
Recent studies testing for the EMH have tended to investigate linkages among various regional and international markets. The literature on return and volatility spillovers in developed markets is sizeable (e.g., Hamao et al. 1990; Theodossiou and Lee 1993; Gallagher and Twomey 1998; Kanas 1998) . Most studies that have examined data for developing countries have investigated return and volatility spillovers in the emerging markets of East Asia, Central Europe, and Middle East and North Africa (MENA) (e.g., Malik and Hammoudeh 2007; Li 2007; Li and Majerowska 2008; Fayyad and Daly 2011; Maghyereh and Awartani 2012; Chiang and Chen 2016) 1 . A small but growing literature has started to investigate linkages among international stock markets at the sectoral level (e.g., Phylaktis and Xia 2009; Chiang et al. 2015; Kim and Sun 2016) . Although Chiang et al. (2015) focused on 1 Some of these studies focus on the transmission of shocks and volatility from the oil market to the stock markets of the Gulf Cooperation Council countries (Malik and Hammoudeh 2007; Fayyad and Daly 2011). cross-country correlations of returns for a number of industrial sectors, they claimed that the asymmetric dynamic conditional correlation (ADCC) approach employed in their study could also be used in the investigation of dynamic linkages among sectors within a particular country.
The literature that has investigated linkages between sectoral returns within a country has employed various econometric methods, such as cointegration, Granger Causality tests, Vector
Error Correction models (VECM), and the bivariate or trivariate Generalized Autoregressive Conditional Heteroscedasticity (GARCH) models (Malik and Hassan 2004; Wang et al. 2005; Harris and Pisedtasalasai 2006; Hassan and Malik 2007; Hammoudeh et al. 2009 ).
Among a handful of studies that have looked at the factors associated with return correlations, Chiang and Chen (2016) and Kim and Sun (2016) discovered that the conditional correlations of returns in the Chinese and developed stock markets were related to a number of economic variables: for example, the P/E ratio, sector-level growth opportunities, implied volatilities. More generally, however, there is not a great deal of emphasis on factors explaining correlations between domestic sectoral returns in the literature, particularly sectoral return correlations of stock markets in the Middle East.
The current paper aims to fill this gap by investigating whether asset return correlations for industries within the same economy are related to variations in fundamentals within sectors as well as changes in macroeconomic variables. Past studies have suggested that current share returns in a market such as Jordan's Amman Stock Exchange (ASE) can be explained by past share price changes or risk factors (Omet et al. 2002; Maghyereh 2005; AlZoubi and Al-Zu'bi 2007; Abdmoulah 2010) . In addition, Al-Fayoumi et al. (2009) employing cointegration and VECM approaches found short-run and long-run relationships among four ASE sectoral index returns. To capture dynamic return relations as well as volatility clustering and spillover, the current paper employs a dynamic conditional correlation (DCC) model; such a model has been used in several prior studies (Chiang and Chen 2016; Kim and Sun 2016) .
Specifically, we employ a restricted multivariate threshold GARCH model with dynamic conditional correlation (DCC-MTGARCH) to examine the linkages between returns on sectoral indexes; in this case, 10 sectoral indexes of the ASE are chosen. A total of 10 sectorspecific variables and 7 macroeconomic variables are included in this investigation about the determinants of asset correlations. The findings from this paper should help investors and policymakers understand the comovement between equity returns for different industries and the interdependence between sectors in a particular country. This knowledge can be useful for risk management decisions and the development of well-diversified portfolios for domestic investors. Moreover, it can indicate whether a particular sector or set of economic conditions can cause contagion and give rise to a crisis.
The remainder of this paper is organized as follows. Section 2 provides a brief outline of the existing literature on the dynamic linkages between equity returns. Section 3 discusses the data used and provides a number of descriptive statistics for the dataset. The econometric methodology underpinning the analysis is set out in Section 4. In Section 5, the dynamic linkages between the sectors in terms of return and volatility as well as the determinants of asset correlations are presented. Section 6 concludes.
Review of the relevant literature
A number of academics have examined financial contagion or systemic risk by investigating return, variance or covariance spillovers (see, for example, Chuang et al. 2007 , Phylaktis and Xia 2009 , Billio et al. 2016 . Some theories explain the contagion of shocks based on multiple equilibria, capital market liquidity and investor psychology (Forbes and Rigobon 2002) . Crisis-based contagion theories define "Contagion" as a significant increase in cross-market linkages after a shock to an individual country or a group of countries (Claessens and Forbes 2013) . Many papers in this area study the contagion of shocks by examining return and volatility spillovers from the developed markets of Japan, the US and the UK to their less developed counterparts (e.g., Ng 2000; Baele 2005; Sok-Gee and Abd Karim 2010) . Most of these studies have documented unidirectional spillover effects from the markets of developed countries -especially those of the US -to other emerging markets. However, different explanations have been advanced as to why such spillovers occur.
For example, David and Simonovska (2016) have demonstrated that the correlated beliefs of analysts can lead to comovements of stock returns. Simmons and Tantisantiwong (2014) have developed a theoretical framework explaining how investors' reaction to shocks in asset markets can determine the lower bound of the correlations between asset returns. The authors report that covariances between stock returns are time-varying and are higher during crisis periods. As investors' reaction to shocks or the correlation between analysts' beliefs can change over time, return correlations may vary as well. Chiang et al.'s (2015) investigation supports the finding of Simmons and Tantisantiwong (2014) about the impact of a crisis on the dynamic relationship between stock returns. Other researchers have also found that return correlations often change over time and applied DCC or ADCC models to obtain time-varying correlations of stock returns (see, for example, Chiang and Chen 2016; and Kim and Sun 2016) .
Relatively fewer papers have examined interdependence across different sectors within the same market. This dearth of studies on the topic is surprising since a shock to one sector can have significant impacts on other sectors (Riedle 2016) . For instance, The Group of Ten (2001) specifies the channels through which a shock in the financial sector can transmit to real sectors of the same economy: namely, disruptions in the payment system, interruptions to credit flows, and a collapse in asset prices. The contagion between sectors can also occur through trade (Hernández and Valdés 2001) , financial links (Allen and Gale 2000), financial competition (Hernández and Valdés 2001) , or geographical proximity (Hernández and Valdés 2001; Pritsker 2001) . Amini et al. (2016) theoretically show that institutions with high levels of connectivity and a large number of contagious links are the main contributors to network instability. Empirically, Harris and Pisedtasalasai (2006) estimated an asymmetric trivariate GARCH model to examine daily return and volatility spillover effects between FTSE largeand small-capitalization equity indices: FTSE 100, FTSE 250 and FTSE SmallCap indices.
Their results indicated an asymmetric return and volatility spillover from large firms' shares to small firms' shares in the UK over a period of 16 years ending in December 2002. Thus, they concluded that new information is initially incorporated into the prices of large companies' shares before being impounded into the equity returns for small firms. In a subsequent investigation, Hassan and Malik (2007) employed a trivariate GARCH model and US daily price data from January 1, 1992 to June 6, 2005 to examine volatility transmission among six different sectors studying three at a time Hassan and Malik (2007) used the daily close returns for the financial, industrial, consumer (services), health, energy (oil and gas), and technology sectors in their analysis. When they tried a four-variable GARCH model the system didn't converge. Therefore, they estimated two trivariate BEKK-GARCH: one for the consumer, financial and technology sectors and the other for the energy, health and industrial sectors. They documented significant transmissions of shocks and volatility among consumer, financial and technology sectors and among energy, health and industrial sectors. their interdependencies. However, they did not attempt to explain the reasons behind any spillovers detected.
While a vast literature has explained stock returns and volatility with fundamental as well as macroeconomic factors (Binder and Merges 2001; Kolluri and Wahab 2008) , some recent investigations have attempted to explain stock return correlations (see, for example, Chiang et al. 2007 , Chiang et al. 2015 , Chiang and Chen 2016 , Kim and Sun 2016 . Most studies focus on stock return correlations within a sector of a particular country or across countries (for example, Chiang et al 2015; Phylaktis and Xia 2009) or the correlation of international stock market returns (for example, Chiang et al. 2007 ). Patro et al. (2013) found that the correlation between banks' individual risks could explain their stock return correlations. Moreover, De Nicolo and Kwast (2002) and Binici et al. (2013) documented that return correlations among banks' stocks could be explained by bank-specific factors such as their market shares, the size of their total loan portfolios and the level of their non-performing loans. Further, studies of international markets such as Eiling et al. (2012) found that equity returns were mainly driven by global industry and currency risk factors. Chiang et al. (2015) and Chiang and Chen (2016) found that conditional correlations of returns in Chinese stock markets and the stock markets of the EU, the US and some Asian countries depended on economic variables, such as the variance of oil price changes, the variance premium of the stock market and implied volatilities. Chiang and Chen (2016) also documented that a decrease in the correlation of stock returns was associated with the divergence of the P/E ratios in the two markets. With some control variables such as Gross Domestic Product (GDP) growth, CPI, real lending rate, firm size and gross profit margin, Kim and Sun (2016) found relatively higher correlation between a Chinese sector's return and the US S&P500 index return if the sector's growth opportunity was higher but book-to-market ratio was lower.
The current paper adds to the small but growing literature on linkages among different sectors of a stock market. It does this by analyzing volatility spillovers among a large number of sectors and seeks to explain the conditional correlations between sectoral index returns using some observable variables. These variables can be systematic risk factors as well as various idiosyncratic risk variables. We examine whether the interaction between these two factors can also play an important role in explaining equity return correlations.
Data and descriptive analysis
The paper chooses the Jordan's stock market, the Amman Stock Exchange (ASE), as the research site for the current analysis for a number of reasons. First, the literature has reported that ASE market returns are related to past price changes (Omet et al. 2002; Maghyereh 2005 
Data
The data set consist of daily sector indexes (in local currency) ; all weekends, requirements have been introduced (ASE Annual Report 2012). The ASE adopted a new sector classification that was in line with international standards and reflected a more "accurate" image of the listed companies to investors in terms of the nature of the work. The Standard and Poor's classification has been adopted with some changes to accommodate the unique features of Jordanian companies. Listed companies are regrouped into three main sectors (financial, industrial and services sectors) with 23 sub-sectors. 4 These sectoral equity indices are based on the free float shares, whereby the index is calculated using the market value of the free float shares of the companies and not the total number of listed shares of each company. 5 Specifically, all of the 23 sectors in the ASE under the new industry group were ranked according to (i) their percentage of the total market capitalisation and (ii) their number of constituent firms. Both rankings were jointly used to identify the top 10 most important sectors (by size) for the ASE. According to Miller and Blair (1985) , the backward linkages of a sector indicate that an expansion in its production is valuable to the economy as it causes a rise in productive activities of other sectors. On the other hand, the forward linkages of a sector indicate that its production is sensitive to changes in other sectors' output. In particular, Ross (1976) suggested that in a risk-averse economy a risk premium should be earned on assets that are affected by systematic risk factors; macroeconomic variables provide information on numerous sources of systematic risk factors through their influence on the firm's expected cash flow and required rate of return (Mun 2012) . In addition, some empirical models (e.g., Fama and French 1992; Fama and French 2015) argue that corporate characteristics such as company size, market-to-book value, profitability, investment and gearing systematically explain share returns. According to this strand of the literature, these factors may also help explain the correlation between the returns of any two assets.
In the current paper, 10 financial ratios over the sample period were obtained from the ASE website for the 10 sectors examined 9 . These ratios consisted of five stock market performance ratios (turnover ratio (TR), price-to-earnings ratio (PE), dividend yield (DY), dividend pay-out (DP) and market-to-book ratio (MB)), two profitability ratios (return on assets (ROA) and return on equity (ROE)), a gearing ratio (debt ratio (DR)), a liquidity ratio (current 8 For example, the APT developed by Ross (1976) asserts that asset returns are related in a linear fashion to k-different orthogonal risks, which arise from shocks to macroeconomic factors. Therefore, the -different risk factors and their sensitivities can be the main source of correlation among returns. As mentioned above, the choice of macroeconomic variables is based on economic deliberations as well as on rational pricing models. The macroeconomic variables used in this analysis include variables measuring price/monetary stability, economic activity, economic reliance on domestic and external demand, and the debt level of the economy. Three variables measuring price/monetary stability are the inflation rate (INF), the six-month Treasury bill rate (IR) and the growth in broad money supply (MS2). The real GDP growth rate (RGDP) is used as a proxy for economic activity. In this paper, the degrees of economic reliance on domestic demand and external demand are measured by the ratio of domestic private consumption to GDP (C/GDP) and the trade balance to GDP ratio (TB/GDP) respectively while the domestic lending to GDP ratio (TDL/GDP) represents the level of leverage for the economy.
Descriptive statistics

Sectoral index returns
An inspection of Table 1 , which reports the descriptive statistics calculated for the 10 ASE sectoral index returns, reveals a number of interesting points. For example, the average return varied slightly across the 10 sectors during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . MIX performed the best, followed by BNK; such a result was not surprising as financial transactions in Jordan are mainly intermediated through the banking sector and minerals are one of the country's main exports.
Over the period examined, HNT, TRP, COM and FOB performed relatively worse than the other six sectors. In addition, the returns of the 10 sectors were volatile with DFN being the riskiest sector and FOB being the least risky sector. Moreover, the spread between the 10 The Statistics and Publication Division calculates up to 16 financial ratios for different industries; however, these are not uniformly available across sectors. Only 10 financial ratios were common across all the sample industries (See Appendix 1). maximum and minimum values shows that the prices in those sectors tended to deviate a great deal away from their average returns. RES recorded the highest spread of 0.18% while EDS documented the lowest spread of 0.083%.
The returns in all of the sectors studied were not normally distributed. Indeed, returns in all sectors were negatively skewed, with the exception of INS, EDS and HNT. The kurtosis values were all significant; all sectors, especially FOB, had a higher preponderance of extreme return values relative to what one might expect in a normal distribution. Thus, an analysis of sector returns using a GARCH framework was thought appropriate.
[Insert Table 1 about here]
Financial ratios
A number of points emerge from the descriptive statistical analysis for the financial ratios reported in Table 2 . First, the mean value of RS varied across the sectors from a low of 0.99% for FOB to a high of 51.55% for BNK. The Jordanian economy relies heavily on remittances from Jordanians working abroad transferred through banks. BNK is bigger and more important in Jordan than in some other Middle East countries. According to World Bank (2003) , Jordan is considered to have a bank-based financial system where banks play a key role in financing economic activities. The second largest sector is MIX, with a market capitalization that represented 17.76% of the whole market.
[Insert Table 2 about here] Second, shares in different sectors tended to be traded with different levels of intensity. While the TR ratio for six sectors (BNK, INS, EDS, HNT, FOB and MIX) was less than 50%, it was greater than 100% for DFN, RES and COM suggesting that the typical investor usually held shares of companies in these three sectors for less than a year. This finding may explain why DFN, RES and COM had the widest spread of returns shown in Table 1 .
Most sectors had a PE multiple of between 10 and 40 times, offered investors a DY of 1 to 4% and paid out between 30% and 70% of their earnings as dividends. In addition, all industries except for TRP had an MB ratio of more than one indicating that shares of companies in these sectors were typically valued at more than the book value of the equity.
Third, the Jordanian companies in the sample were generally profitable over the 10-year period and operated with varying levels of debt. BNK and INS had high debt ratios due to the nature of their business. Apart from these two sectors, TRP had the next highest debt ratio of 61.21%. While TRP had an ROE of only 3.15%, EDS with the lowest debt ratio of 25.63% had a much higher ROE of 12.37%.
Finally, the data indicates that companies in most sectors were able to meet their financial obligations over the period studied. For instance, DFN recorded the highest CR (3.08 times) followed by MIX (2.25 times). However, BNK, EDS and HNT recorded a CR of less than one implying that companies of these sectors on average had short-term obligations, which were typically higher than their current assets during the 10-year period. [Insert Table 3 about here] According to Table 3, Jordan's economy seems to rely mainly on domestic consumption; the average C/GDP ratio was nearly 80%. The Jordanian economy also had a trade balance deficit because of the high level of imports needed to fulfil the growing level of demand within the country, particularly given the narrow production base in Jordan (Mousa 2010) . Considering domestic lending, the TDL/GDP ratio was initially low at 25.11% but followed an upward trend from the beginning of the sample period until the end reaching its highest level of 57.72% in 2012. One possible explanation for the low average TDL/GDP ratio of 36.45% is that most of the population are Muslim and follow Islamic teachings that prohibit interest.
Macroeconomic variables
Over the period examined, the Jordanian economy did not experience a great deal of inflationary pressure; this might be because the country was a net importer of goods and services over the examined period 11 . The inflation rate was below 7% over a decade. An exception to this generalization was in 2008 when the inflation rate reached double digits possibly due to continuous rises in world oil and commodity prices. In 2009, the price level declined by 0.67% possibly because of falls in world oil and commodity prices, a 50% fall in the growth rate of money supply, and a slight decline in consumption (See Table 3 ). Finally, changes in the interest rate followed the trend of the inflation rate. That is, the interest rate increased (decreased) when the inflation rate increased (decreased).
11
Imports of goods and non-factor services of Jordan were estimated at 72% of total consumption in 2011 (World Bank 2013).
Methodology
Both variances and correlations of asset returns can evolve over time as new information on the whole economy or a particular sector is released (Cappiello et al. 2006) . As shown in Fig Huang et al. (2010) documented that the forecasting performance of the DCC-GARCH model is better than that of the GARCH-BEKK model. While the ADCC model of Cappiello et al. (2006) incorporates the leverage effect of shocks in the conditional correlation, Laurent et al. (2012) employing data for 10 stocks from five different sectors of the NYSE documented that the forecast of this ADCC model is not significantly better than that of the Engle's (2002) DCC model with the leverage effect in the conditional variance.
13
The results from VAR(1) in Appendix 3 indicate that equity returns for the ASE sectors are mainly predictable from their own historical share prices changes; there are only a few cases where return changes from other sectors have an influence. An AR(1) process was therefore chosen for the mean equation instead of VAR(1). The reduction in parameters also helps getting a convergent estimation for the DCC-MTGARCH (1,1) for 10 sectors. The ASE market capitalization weighted index is calculated using the pre-2006 industry categories, but the ASE free float index is calculated using the new industry categories introduced in 2006. The Chow breakpoint test was therefore performed using the ASE free float index.
15
The Chow breakpoint test was conducted to determine the dates of structural changes. The findings indicated structural changes at three points: November 8, 2005 , December 17, 2006 , and June 18, 2008 The vector C in Eq. (1) measures the effect of the local crisis (localt) while the vector E measures the impact of the global financial crisis (globalt). εt is the column vector of Student-t distributed random error terms conditional on the past information set Ωt-1 with a mean of zero and a conditional variance-covariance matrix: 
where t u is the vector of standardized residuals.
In order to estimate Eqs. (1) -(5) efficiently and consistently, the full information maximum likelihood method was used. With 10 sectors and T (=2462) observations, the joint log-likelihood L can be defined as: 16 However, the correlation evolution equation in this paper (Eq. (5)) follows the standard DCC model introduced by Engle (2002) .
Under the assumption that the random errors are Student-t distributed, Eq. (6), corresponding to the system of Eqs. (1) - (5), is maximized using the quasi-maximum likelihood approach (Bollerslev and Wooldridge 1992) . The Broyden, Fletcher, Goldfarb and Shanno (BFGS) algorithm is used to produce maximum likelihood estimators and their corresponding asymptotic standard errors. After the estimation, the time-varying correlations among the sectoral returns are extracted.
Next, two separate PCA investigations are employed to extract the PCs from the group of 10 financial ratios and seven macroeconomic variables. According to Kaiser (1960) , components should be retained if their eigenvalues are greater than one. However, in some circumstances, a strict interpretation of Kaiser's criterion may possibly result in discarding of PCs that, although small, may be important. Therefore, the Kaiser criterion was relaxed slightly in this paper to retain some of those components with a latent root slightly below one.
Specifically, enough components were retained such that at least 85.0% of the variation in the data was accounted for. According to Dunteman (1994) , the variable with the highest loading or weight for a PC should be used as a representative of that PC. However, this paper follows Fifield et al. (2002) and Khan et al. (2015) considering loadings for all variables in construction of the PC. This approach permits each variable, even those with small weights, to contribute to the construction of the PC.
In order to find the determinants of asset correlations, panel data analysis with sector fixed effects 17 is performed to identify any association between the return correlations and the sector-specific and economic factors. The dependent variable is the time-varying conditional 17 Three panel data models, namely the pooled regression model, the fixed effect model and the random effect model, were first estimated. In order to determine which of the three models is the most appropriate for the analysis, the Hausman test was applied. The test result showed that the fixed effect model was the appropriate specification (see Section 5.4). 
Results
This section first discusses volatility spillovers across 10 sectors. Then, it examines the association of the time-varying correlations with a number of sector-specific and macroeconomic factors.
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Evidence suggesting that it is reasonable to use annual data when analysing time varying correlations is provided by several studies such as David and Simonovska (2016) . 19 The results of a correlation test indicated that the PCs of any two sectors are independent, so the products of PCs are used instead of the average values of PCs. The test results are available upon request from the authors.
Volatility spillovers
The results of the DCC-MTGARCH model estimated for the entire period are shown in Table   4 20 . Panel A of Table 4 [Insert Table 4 about here]
In addition, Panel A in Table 4 Table 4 shows that RES is the most influential sector in terms of volatility spillover. Meanwhile, the findings show that MIX's volatility is not affected by a change in volatility for other sectors,
20
The likelihood ratio statistic in Panel C of Table 4 suggests that the DCC model used in this paper performs better than a CCC model.
but its change can affect the volatility of other sectors via BNK and DFN. In terms of shock spillovers among the sectors, the contagion effect on current volatility varies across the sectors with FOB being the most sensitive sector. In addition, shock spillovers between industries are more common from the financial sectors to the service sectors than the other way around.
Moreover, there are uni-directional shock spillovers from the financial and service sectors to the industrial sectors. These shock spillovers indicate that the financial sectors, especially DFN, are the most influential sectors while the industrial sectors appear to be the least important in terms of transmitting shocks. The findings on shock and volatility spillovers suggest that the impact of a shock on one sector seems to be transmitted to all sectors as result of their interdependence.
According to Table 4 , the local crisis had no significant impact on the volatility of returns for most of the sectors except EDS and FOB. Presumably, this is because the firms in these two sectors are all domestic. On the other hand, the companies in other sectors have international activities; this might explain why they were not affected by the local crisis. There is evidence that there was an increase in volatility in the EDS sector and a decrease in volatility in the FOB sector during the period from November 8, 2005 to December 17, 2006. The effect of the global financial crisis on return volatility was more pronounced than its local crisis counterpart. Specifically, BNK had a decrease in volatility while there was an increase in volatility for INS, DFN, and COM during the global financial crises. This may have been because these sectors were to some extent more connected with global financial markets. [Insert Table 5 about here]
The PCA
PCs were extracted from the PCA applied (i) to each sector's fundamental variables and (ii) to the common set of macroeconomic data. Table 6 summarizes the proportionate weight of each variable for every PC retained in the analysis, also known as the factor loadings. In particular, only those variables with relatively higher loadings were considered in the representation of that PC. In addition, the last row in each panel indicates the label given for each PC. Panel A
shows that the first PC for the financial ratios has a high negative weighting for the DR ratio and a high positive weighting for the CR ratio. The first PC is labelled as 'Liquidity' because liquid companies are characterized by low debt and high liquidity. By contrast, the second PC is constructed mainly from the ROA and ROE ratios where loadings are both positive; hence, the second PC is labelled as 'Profitability'. The third PC has the highest weightings for the PE and DP ratios. As companies characterized by high growth and high dividend payout are companies with good stock market performance, the third PC is labelled as 'Stock Market Performance'. The fourth PC has the MB, the RS and the CR as the factors with highest weights. Therefore, the fourth PC is labelled as 'Size'. A negative weighting for the DY ratio and a positive weighting for the TR ratio are sizeable in the fifth PC. Those sectors with companies characterized by a low dividend yield and a high turnover ratio tend to have high growth (Walter 1956 ). Therefore, the fifth PC is labelled as 'Growth'. These five PCs combined explained 85.4% of the variation in the financial ratios.
Panel B of Table 6 reports the results when the seven macroeconomic variables are analyzed with PCA. The weightings for C/GDP, IR and TB/GDP are relatively high in the first PC. Consequently, the first PC is more related to consumption and trade and is therefore labelled as 'Aggregate Demand'. On the other hand, INF and MS2 have relatively high loadings in the second PC and thus this PC is labelled as 'Inflation'. The third PC is deemed to measure 'Economic Vulnerability' because the high positive weighting is placed on the TDL/GDP ratio followed by the high negative weighting for the RGDP. Together, these three macroeconomic PCs explained 86.8% of the variation in seven macroeconomic variables.
[Insert Table 6 about here]
Determinants of equity correlations across sectors
To examine the determinants of equity return correlations, a fixed effect model is estimated as follows. is an error term. δ is a common constant term and μmn are correlation-specific fixed effects.
[Insert Table 7 about here]
It is evident from the results shown in . Moreover, there are significant interaction effects between sector-specific factors and some economic factors. In other words, the relationship between a sector-specific factor and the degree of return correlation depends on economic performance. For instance, the effects of liquidity, profitability and stock market performance on equity return correlations are non-linear, depending on the level of aggregated demand. Specifically, the total effect of liquidity and stock market performance on equity return correlations can be positive or negative depending on how strong the whole economy is performing. The effect of liquidity on the correlation between the ASE sectoral returns declines with an increase in aggregate demand. That is, low equity return correlations were associated with illiquidity (liquidity) during an economic 21 The conditional correlations of sectoral return seem to be associated with a number of common factors. One of these, for example, is inflation; there is a positive relationship between inflation and the conditional correlation among sectoral stock returns. The correlation values between these two variables are positive in 44 out of 45 instances; the only instance of a negative correlation is between the conditional correlation between BNK and MIX (ρ 1,10 ) and inflation where a value of -0.10 is documented. For all other correlations, the values range from a low of 0.19 between inflation and the conditional correlation between INS and RES (ρ 2,4 ) to a high of 0.69 between inflation and the conditional correlation between EDS and FOB (ρ 5,9 ). To sum up, not only are the time-varying correlations between sectoral index returns associated with macroeconomic factors, but also they are associated with sector-specific factors such as liquidity, profits, stock market performance and growth. Further, there is strong evidence of interactions between sector-specific and macroeconomic factors.
Robustness Checks
This subsection complements the comprehensive findings provided in the previous subsections by undertaking further robustness checks. We carry out the same analyses using a random effect model (Model 2 in Table 7 ) and find that the significance and sign of coefficients are the same as the fixed effect model (Model 1 in Table 7) ; further, the size of the coefficients in Model 2 is about the same as that in Model 1. The Hausman test result shows that the fixed effect model was the appropriate specification (see Table 8 ). We also reestimate the fixed effect model with economic-based PCs only (Model 3) and show that the significance and sign of coefficients are similar to those in Model 1
22
. Next, we apply a stricter Kaiser (1960) criterion and obtain four financial ratio-based PCs (liquidity, profitability, stock market performance and size) as well as three economic-based PCs (aggregate demand, inflation and economic vulnerability). We then reestimate both the fixed and random effects models without the growth However, the size of coefficients in Model 7 is larger than those reported in Model 1. These results confirm our findings in the previous subsection that both macroeconomic variables and fundamentals within sectors can explain sectoral stock return correlations and that there are interaction between the effects of sector-specific and economic factors on return correlations 24 .
[Insert Table 8 about here]
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In addition, we estimate the fixed effect model without interaction terms; the estimation result is shown as Model 4 in Table 7 . 23 Nonetheless, the likelihood ratio statistic reported in Table 8 suggests that the growth PC is an important factor that can explain conditional correlations between sectoral returns earned in the ASE.
24
The likelihood ratio statistics reported in Table 8 confirm that macroeconomic variables are important determinants of the correlations of stock index returns and that there are significant interactions between sectorspecific and economic factors.
Conclusion
This paper has examined the determinants of correlations between returns on assets traded in an inefficient stock market. The paper estimated time-varying correlations between daily returns on 10 sectoral indices of the ASE using a restricted DCC-MTGARCH model. Then, fundamental and macroeconomic principal factors were extracted using the PCA method and studied for their impacts on return correlations using a fixed effect model.
The preliminary findings indicated that the future returns of the sample sectors are found to have a significant relationship with their own past values; hence, the returns earned by sectors in the ASE violated the weak-form of the EMH. Given that several significant spillovers of shocks and volatility were found between the 10 sectors of the ASE, this result provides crucial and useful information for a number of applications in finance. For example, potential gains from diversification across sectoral level investment are limited. News or shocks in one sector will eventually be transmitted to other sectors of the market through their linkages. This finding suggests that investors should keep a close eye on all sectors because shocks affecting a certain sector will eventually impact all sectors through their interdependence.
The interdependence of sectors might be due to cross price effects on traders' diversified investment strategies (Simmons and Tantisantiwong 2014), correlated beliefs of analysts (David and Simonovska 2016) , trade or financial linkages (Hernández and Valdés 2001; Allen and Gale 2000) or that these sectors may be affected by the same risk factors (Hassan and Malik 2007) . The empirical results from panel data analysis highlight that both systematic and idiosyncratic risk factors are the main drivers of the time-varying correlation between the ASE sectoral returns. Specifically, equity return correlations increased as inflation increased, and there is evidence that the effects of liquidity, profitability, and stock market performance (growth) on return correlations depended on aggregate demand (economic vulnerability) within the economy.
These results should help investors and policymakers understand the comovement between equity returns for different industries and the interdependence between major sectors.
In particular, the knowledge can be useful for creating well-diversified portfolios and monitoring asset correlations for domestic investors; the interdependence between equity returns requires portfolio managers' to quantify the optimal weights and hedging ratios for their portfolios in order to deal adequately with the risk associated with their investment in the ASE.
In terms of policymakers or regulators, the results of this paper imply the need for a mechanism that will help prevent the possibility of contagious effect of any crises, which may occur in the future, especially crises originating in financial sectors found to be one of the most influential sectors in the ASE. PriceEarnings Ratio
PE Times
The market capitalization of the sector divided by the net income pertaining to shareholders of the same sector
The proposed cash dividend of the sector divided by the market capitalization of the same sector times by 100 Dividend Pay-out DP Percentage
The proposed cash dividend of the sector divided by net income pertaining to shareholders of the same sector times by 100
Market-toBook Ratio MB Times The market capitalization of the sector divided by the total shareholders' equity of the same sector
Panel B: Profitability
Return On Assets ROA Percentage The net income of the sector divided by the total assets of the same sector times by 100
Return On Equity ROE Percentage The net income of the sector divided by the total shareholders' equity of the same sector times by 100
Panel C: Leverage (Gearing)
Debt Ratio DR Percentage The total liabilities of the sector divided by the total assets of the same sector times by 100
Panel D: Liquidity
Current Ratio CR Times The total current assets of the sector divided by the total current liabilities of the same sector
Panel E: Size or Market Share
Relative Size RS Percentage The value of shares in a sector divided by the value of shares of the whole market times by 100
Notes: This table shows the name, code, measurement unit and definition for each financial ratio considered in the current paper. For BNK, the current ratio = (cash and balances at the Central Bank + balances at other banks and financial institutions + deposits at banks and financial institutions + trading investments)/ (all customers deposits + banks and financial institutions deposits). Source: ASE website http://ww.ase.com.jo/en/glossary accessed on 7 February 2014. The six-month treasury bill rate is the rate on short term bills which are issued by the Treasury Growth in Broad Money Supply
Appendix 2 Definitions of the macroeconomic variables
MS2 Percentage
Change in money supply (MS2) which is equal to money supply (M1) plus quasi-money times by 100.
Panel B: Economic Activity
Growth in Real Gross Domestic Product
RGDP Percentage
A measure of economic growth from one year to another expressed as a percentage and adjusted for inflation.
Panel C: Economic Reliance on Domestic and External Demand
The ratio of domestic private consumption which is the market value of all goods and services, including durable products purchased by households to GDP times by 100 Trade Balance to GDP Ratio TB/GDP Percentage The ratio of exports less imports in the Balance of Payments to GDP times by 100.
Panel D: Level of Leverage for the Economy
Domestic
Lending to GDP Ratio
TDL/GDP Percentage
The ratio of domestic lending to GDP times by 100 which represent the level of debt for the economy Baur DG (2012) . Number in parentheses is standard error. An * denotes significance at the 5% level. The estimates of the mean equation are not reported here to conserve space and are available upon request from the authors. 
